respectively. The remaining plaque formations were considered moderate.
Fasting blood samples were collected after an overnight fast and the erythrocyte sedimentation rate (ESR) was determined in all subjects. Whole blood was collected in tubes without an anticoagulant for the preparation of serum. After clot formation, the serum fractions were obtained by centrifugation (2 000 × g, 10 min, 4ºC). All serum samples were stored at -80ºC until the assay.
Serum HbA 1c , C-reactive protein (CRP), ESR, and fetuin-A levels were assessed. Hypomagnesemia is known to be a common finding in patients with uncontrolled diabetes. It is associated with abnormal platelet action and development of neuropathy, both of which are risk factors for foot ulcers. Therefore, we also measured serum magnesium levels in our patients.
All assays were performed in the laboratories of the Gulhane Military Medical Academy Hospital, with an Olympus AU2700 autoanalyzer using its own kits (Olympus Diagnostics, Hamburg, Germany). ESR was measured using the Vacuette Automated ESR System (Greiner Bio-One GmbH, Frickenhausen, Germany). HbA 1c levels were measured using high-pressure liquid chromatography (Thermo Electron, Thermo Finnigan, San Jose, California, United States) with a UV-Vis detector and using HbA 1c kits (Recipe Chemicals -Instruments GmbH, Munich, Germany). Serum fetuin-A were measured using a human fetuin-A enzyme-linked immunosorbent assay (ELISA) kit (BioVendor Laboratory Medicine, Inc., Brno, Czech Republic) in an ELISA plate reader (Synergy HT, Multidetection Multi-Plate Reader, Bio-tek Instruments, Inc., Winooski, Vermont, United Statas). The inter-and intraassay coefficients of variations were below 9%. Calibrators, kit controls, and serum samples were all added on each microwell with an incubation period of 30 min. After 3 washing intervals, 100 μl of an enzyme conjugate (peroxidase-labeled anti-CRP) was added on each microwell for additional 15-minute incubation in room temperature in the dark. The reaction was stopped with a stop solution, and photometric measurement was performed at the 450-nm wavelength. The amount of serum analyte was calculated as ng/ml with a graphic that was made based on the absorbance levels of the calibrators. statistical analyses Statistical analyses were performed using the SPSS for Windows V.15.0. Descriptive statistics were shown as frequencies and percentages for categorical variables and mean ± standard deviation or median (min-max) for continuous variables where appropriate. Distributions of continuous data were evaluated with the one-sample Kolmogorov-Smirnov test. The χ 2 test was used to compare sex distribution of the groups. Continuous variables were compared by the Kruskal-Wallis test, and the Bonferroni-corrected Mann-Whitney U test was used as a post hoc test. To evaluate clinical features of diabetic foot include ulcers, foot deformity, infection, neuropathy, PAD, osteomyelitis, and gangrene. 19, 20 The risk of lower--extremity amputation is higher in patients with diabetes and PAD than in those without diabetes. 21 The role of fetuin-A and its involvement in patients with type 2 diabetes and PAD, who commonly suffer from advanced/systemic atherosclerosis, seems to be very complex and has not been fully understood as yet.
21,22
Although serum fetuin-A levels have been shown to be related to both diabetes and PAD, to the best of our knowledge, there have been no studies evaluating the relationship between serum fetuin-A levels and development of diabetic foot, which is one of the most serious consequences of PAD in diabetes.
The aim of this study was to investigate the possible relationship between serum fetuin-A levels and the development of diabetic foot.
PATIENTs ANd mEThOds A total of 137 patients were included in the study. Of those, 49 patients had type 2 diabetes without diabetic foot, 57 patients had type 2 diabetes with diabetic foot, and 31 subjects were healthy volunteers. All subjects were informed about the study procedure and they provided written informed consent. The study was approved by the local ethical committee of the Gulhane Military Medical Academy, Ankara, Turkey, in accordance with the Declaration of Helsinki.
Patients with type 2 diabetes were recruited from the Department of Endocrinology of the Gulhane Military Medical Academy. Type 2 diabetes was diagnosed according to the 2013 guidelines of the American Diabetes Association and patients with disease lasting 10 years or more were included. 19 Patients with diabetic foot were recruited from the Department of Underwater and Hyperbaric Medicine and they were classified according to the Wagner classification. 20 All patients in the diabetic foot group had diabetes for more than 10 years. The control group was recruited from the Department of Cardiology. Patients who had ischemic heart disease, advanced renal failure, or received dialysis treatment were excluded from the study. The diabetic group was fed on diet and received oral antidiabetic and insulin treatment. The diabetic foot group was fed on diet and received insulin treatment. There was no significant difference between both groups in terms of target hemoglobin A 1c (HbA 1c ) values.
In all patients, the anterior and posterior tibial arteries were assessed using a linear probe (12 MHz Logiq 9, GE Medical Systems, United States) by 2 radiologists at the same time, who had 8 and 10 years of experience in color Doppler ultrasonography. The plaque formations were divided into 3 groups according to the degree of calcification: mild, moderate, and severe. Calcification of the plaque of less than 25% and more than 75% was determined as mild and severe, analysis showed no differences between HbA 1c levels in the diabetes and diabetic foot group (P = 0.99). Moreover, there were no significant differences in serum magnesium levels between the diabetes and diabetic foot group. The median values of serum magnesium, HbA 1c , CRP, ESR, and fetuin-A are presented in TAbLE 2. Serum CRP, ESR, and fetuin-A levels were found to be significantly different between the diabetes and diabetic foot groups (TAbLE 2). The differences were still observed after the groups were adjusted for age and body mass index (BMI). To evaluate the effect of diabetes on fetuin-A levels, a multivariate covariance analysis was performed, which showed that the diabetes status significant after adjustment for age and BMI (P <0.001, R 2 = 0.229).
Blood pressure was similar in all groups. In the diabetic foot group, 22.8% of the patients had grade 1, 31.6% had grade 2, 22.8% had grade 3, and 22.8% had grade 4 diabetic foot according to the Wagner classification. The Wagner classification and ultrasound findings in this group are presented in TAbLE 3. A statistical analysis showed a positive correlation between the Wagner classification and ultrasound findings of the peripheral arteries (P <0.001). In the diabetic foot group, fetuin-A levels were found to be positively correlated both with the grade of diabetic foot (P <0.001) and ultrasound findings (P <0.001). The correlation between fetuin-A levels and Wagner grade and ultrasound findings is shown in TAbLE 4. dIsCussION We found that serum fetuin-A levels of the patients with diabetic foot are higher the relationship between fetuin-A, Wagner score, and ultrasound findings, Spearman correlation coefficients were calculated. A covariance analysis was used as a multivariate analysis.
REsuLTs
The study population comprised 107 men (78.1%) and 30 women (21.9%). The demographic features of the subjects are summarized in TAbLE 1. Median fetuin-A levels of the patients with type 2 diabetes were found to be higher than those of the control group (85 ng/ml and 36 ng/ml, respectively, P = 0.026) and median fetuin-A levels of the patients with diabetic foot (123 ng/ml) were higher than those of the diabetic patients and the control group (P = 0.02 and P <0.001 respectively). The differences were statistically significant. The median HbA 1c levels of the control, diabetes, and diabetic foot groups were 5.4%, 7.7%, and 7.6%, respectively. The statistical The effect of fetuin-A on the vascular structure is believed to be caused by two mechanisms. First, Eraso et al. 17 reported that fetuin-A protects from ectopic and vascular calcification by increasing the solubility of serum calcium and phosphorus. Second, high fetuin-A levels have been shown to impair glucose metabolism. 26 There are studies reporting that high fetuin-A levels are related to diabetes mellitus and coronary vascular disease. In those studies, fetuin-A was associated with an increase in insulin resistance and subclinical inflammation. Recent studies on the vascular effects of fetuin-A showed that high fetuin-A levels, rather than lower levels, were associated with greater risk of PAD, 27 which is in line with our results.
The grades of diabetic foot according to the Wagner classification were found to be higher in patients with atherosclerotic lesions in our study. This finding is in line with the previous studies which reported that atherosclerotic PAD participated in the development of diabetic foot. 19, [28] [29] [30] This finding may be important for the development of treatment (hyperbaric oxygen therapy and amputation) or preventive modalities for diabetic angiopathy. 31, 32 In line with the available literature, magnesium levels were found to be lower in patients with diabetes and/or diabetic foot compared with the control group. 33, 34 Furthermore, in patients with diabetic foot, the decreasing levels of magnesium showed a statistically significant correlation with increasing CRP and ESR levels. To the best of our knowledge, this finding has not been reported before.
In conclusion, according to our results, serum fetuin-A levels are higher in patients with diabetic foot. There is a need for further comprehensive studies with larger sample sizes and classification into different types of diabetic foot based on its origin in order to clearly demonstrate the association between serum fetuin-A levels and the development of diabetic foot. Moreover, the pathophysiology of the relation between fetuin-A levels and the development of diabetic foot needs to be clarified in future studies.
REfERENCEs
than those of the patients with type 2 diabetes or healthy individuals.
Our study has several limitations. First, the study group was small. Second, control subjects were younger than diabetic patients. To overcome this limitation, we performed a multivariate analysis and the difference in serum fetuin-A levels between the groups was still observed even after age correction. Nonetheless, our study is the first to report a relation between fetuin-A levels and diabetic foot. This finding will provide the basis for future research, which should distinguish between the ischemic, nueropathic, and mixed origin of diabetic foot to clarify the role of fetuin-A in the pathogenesis and treatment of this diabetic complication.
Lorand et al. 19 found that serum fetuin-A levels in patients with type 2 diabetes and PAD were higher than those in patients with type 2 diabetes and without PAD. This is in line with our study, in which patients with diabetic foot had atherosclerotic lesions and calcifications of different degrees located in the lower extremity vessels. Our results are similar to those of Mehrotra et al., 23 who reported that type 2 diabetic patients with coronary artery calcification had higher fetuin-A levels than those without calcification. Additionally, we found that fetuin-A levels were higher in patients with type 2 diabetes when compared with the control group. This finding is compatible with various previous studies that reported a positive correlation between fetuin-A and the development of type 2 diabetes. [11] [12] [13] [14] [15] [16] The relation between nephropathy and serum fetuin-A levels is well documented. Therefore, we excluded patients with nephropathy. Our results showed that the prevalence of atherosclerotic lesions in lower limb peripheral arteries was positively correlated with serum fetuin-A levels. This finding is in contrast to the majority of the available studies that demonstrated a negative correlation between vascular calcifications and fetuin-A levels. [6] [7] [8] 10, 17 However, those studies were performed in patients with renal disease and it is known that fetuin-A levels are decreased in renal disease. 9 A number of studies reported that there were no significant differences in the levels of fetuin-A in patients on peritoneal dialysis because of chronic renal failure and in patients with degenerative aortic stenosis.
24,25 Therefore, we think that our finding that shows a positive correlation between fetuin-A levels and lower limb arteriopathy may be due to our exclusion of patients with renal disease. 
